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ABSTRACT

A Raman spectroneter is being devel oped that utilizes Neural
Net work (NN) signal processing to extract the chem cal signatures
of VOCs from spectra exhibiting extrenmely high noise |evels,
resulting in enhanced sensitivity of the Raman techni que. The
Raman systemis used to both identify and quantify DOE/ DOD target
organi c and inorganic contam nants in both solid sanples (Hanford
UST) and ground-water, with a secondary application being the
| ocation and identification of subsurface NAPLs. The system
utilizes a NN package that is being devel oped by Physical Optics
Corporation (POC) for real-tine signal extraction from high
background noise in conjunction with a renote Raman spectroneter
bei ng devel oped at LLNL. The POC NN is unique in that it is
based on a hardware rather than a software approach. The
advant ages of the hardware approach are the |arge nunber of data
points that can be sinultaneously analyzed and greatly reduced
processing tine. The NN is trained to recognize chem cal
contam nants at concentration |levels potentially ranging from EPA
limts in soils and water to neat solids and |iquids.

The NN has been trained to recognize the Raman spectral
signatures of the organochlorides CO 4, CHO 3, DCM TCE, and TCA
The training of the NN is acconplished using single conponent
organochl ori de spectra with signal to noise ratios in the range
of 5:1 to 35:1. Once the training is conplete, the NN is asked
to identify approximately 75 low S/N (<1:1) spectra of individua
organochl orides and four and five conmponent organochl oride
m xtures. The NN gives correct identifications with 93+%
accuracy, and gives 100% rejection of spectra consisting only of
noise. Only 30 mlliseconds are required to performa conplete
deconvol ution of 1024 spectral data points, including conposition
identification and notification of the operator as to the
results. The NN is also able to positively identify 2500 ppm
(VV) CO4 in nmethanol with 100% confidence and 250 ppm (V/V)
with 65% confidence. This represents an enhancenent of the
detection limts of CC 4 by Raman spectroscopy by 2 orders of
magni tude. These results indicate the power of the NN systemto
both extract real signal which appeared nonexistent from
extremely high noise levels and readily provide conponent
analysis of highly conplex spectral information. We are
continuing to develop the potential of the NN into a viable
systemthat has a wi de application in analytical chemstry.
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